The dog (Canis familiaris) as a translational model of autism: It is high time we move from promise to reality by Topál, József et al.

is extensive similarity and functional overlap between dogs and human children in a set of shared behavior traits (e.g., Horn,
Huber, & Range, 2013; Kaminski, 2009). In parallel with the recent increase in scientific interest in canine behavior and cog-
nition, the domestic dog has gradually become a rising star in translational research addressing many aspects of human health.
Dogs are increasingly recognized as a model for age-related cognitive impairments (Champagain, Range, Huber, & Virányi,
2018), other neurological disorders (e.g., Alzheimer's disease, Van Dam & De Deym, 2011), various non-neurological dis-
eases (e.g., diabetes, Adin & Gilor, 2017) and obesity (Pogány et al., 2018). In addition, many of the human psychiatric disor-
ders have apparent canine analogs (Ledford, 2016; Overall, 2000) and canine epilepsy has also been proposed as a promising
comparative model for human epilepsy (E. E. Patterson, 2014). Importantly, canine and human diseases are not only remark-
ably similar in terms of phenotypic manifestation, but in many cases, also share causative genes and respond to treatment in
similar ways (Araujo et al., 2011; Parker, Shearin, & Ostrander, 2010).
Together, these findings suggest that the domestic dog serves as an ideal and natural model of comparative and transla-
tional neuroscience (Bunford, Andics, Kis, Miklósi, & Gácsi, 2017) and this model organism may offer higher translational
value than other commonly used laboratory animals such as rats and mice. Moreover, dogs have adapted to anthropogenic
environment where the canine disease conditions appear spontaneously or endogenously without genetic or neurochemical
manipulation, thus providing an opportunity for higher face validity (similarity in the phenotypic expression of the symptoms),
and construct validity (similarity in the basic underlying mechanism responsible for the condition in humans). All in all, dogs
offer a unique opportunity to explore the underlying neural and genetic structures and environmental correlates of numerous
human diseases. Capitalizing on advantages of the dog as a translational model of complex human phenotypes, the present
paper focuses on how (and why) the domestic dog can contribute to our better understanding of human autism spectrum
disorder (ASD).
2 | THE CHALLENGING NATURE OF AUTISM RESEARCH
Autism is a neurodevelopmental disorder that has received considerable interest in recent decades due to the rapid and ongoing
rise in its prevalence in Western countries (Baxter et al., 2015; Centers for Disease Control and Prevention, 2018; Siniscalco,
Bradstreet, & Antonucci, 2013). For example, ASD prevalence was 0.67% in 2000 and 2.76% in 2016 among US adults and
children (Xu, Strathearn, Liu, & Bao, 2018). Despite extensive research, the pathogenesis of autism is still largely unknown
and there is a compelling need to deepen our understanding of this disorder, including with regard to etiological and maintain-
ing characteristics of symptoms as well as associated functional impairments. The key challenge in exploring these research
questions lies in the fact that autism is referred to as spectrum disorders because its symptoms can appear in a number of differ-
ent combinations and occur along a continuum of severity. ASD is characterized by persistent deficits in two core domains that
have to be present in the early developmental period: (a) socio-communicational dysfunctions (i.e., deficits in communicative
behaviors, impaired social reciprocity, and poor interactional and emotional synchrony) and (b) restricted, repetitive patterns of
behavior (i.e., stereotyped motor movements, narrow, fixated interests and insistence on sameness and routines) (American
Psychiatric Association, 2013).
ASD, from an etiological perspective, is not a single pathophysiological entity. The variations in the phenotypic manifesta-
tion of ASD are most likely the final outcome of the interactions of multiple genetic and environmental (developmental) fac-
tors (Betancur & Coleman, 2013). Concepts such as equifinality and multifinality (Shields & Cicchetti, 1998; von Bertalanffy,
1968) are also important to gain a better understanding of ASD. Namely, from a system-theoretical perspective, ASD is char-
acterized by both equifinality and multifinality; the same end state (formal diagnosis of ASD) may be reached from a variety
of different initial conditions and through different processes (equifinality), and at the same time, any one component (predis-
posing factor) may function differently depending on the organization of the system in which it operates (multifinality). The
large developmental and phenotypic plasticity presents a huge challenge for current research on autism. One possible way to
overcome this problem is to assume that the effects of heterogeneous genetic and environmental risk factors converge at the
intermediate level (in between the low/genetic and high/behavioral levels) of organization of the spectrum disorder. The idea
of some common factors at the level of neurocognitive functioning has the potential to yield a more coherent conceptualization
of ASD that otherwise seems too heterogeneous and polymorphic to conduct research on. Such neurocognitive endopheno-
types (e.g., social attention, Jones, Venema, Earl, Lowy, & Webb, 2017) may constitute a point of convergence for a multitude
of genetic and environmental factors (Figure 1).
2.1 | In search for the central neurocognitive factor in autism spectrum
In the past few years different neurocognitive frameworks have been proposed to account for symptoms in ASD. Domain-
specific social cognitive theories focus on social cognitive and attentional aspects of ASD suggesting that the core deficit
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stems primarily from impaired social cognition (Theory of Mind deficit, Baron-Cohen, 2000) while others explain ASD in
terms of perceptual and sensory processing impairments (weak central coherence, Happé & Frith, 2006; enhanced perceptual
functioning, Mottron, Dawson, Soulières, Hubert, & Burack, 2006). More recent approaches, however, focus on social moti-
vation deficits as the dominant cause for the development of the social impairments associated with ASD (Chevallier, Huguet,
Happé, George, & Conty, 2013). This account suggests that reduced interest and attention to social stimuli in early childhood
can deprive the mind of crucial social inputs during the sensitive period for the development of social cognitive abilities,
which leads to diminished social cognitive performance later in life. The findings that patients with ASD (a) show no preferen-
tial orientation to the socially relevant stimuli (Constantino et al., 2017; Dawson et al., 2004); (b) they are less likely to seek
out social contact (Wetherby, Prizant, & Hutchinson, 1998); and (c) in contrast to their intact monetary reward processing
(Gonzalez-Gadea et al., 2016) they have deficits in representing the reward value of social interactions (Demurie, Roeyers,
Baeyens, & Sonuga-Barke, 2011; Osterling, Dawson, & Munson, 2002) seem to support this idea.
An even more recent account of the mechanisms underlying autistic behavior in humans proposes that many of autism's
salient traits may be manifestations of a single underlying impairment of perception of the probabilistic nature of environmen-
tal regularities (atypical tolerance for prediction error, Hellendoorn, Wijnroks, & Leseman, 2015; Sinha et al., 2014; Van de
Cruys, Van der Hallen, & Wagemans, 2017). That is, people with ASD perceive and respond to violations to their predictions
atypically due to their “low and inflexible” tolerance for prediction error. ASD subjects' brains are unable to ignore even acci-
dental/irrelevant changes in the environment (i.e., unable to learn to ignore prediction errors) and thus every minor violation
induces new learning without gaining a sense of control. Such perception of unpredictability makes people with ASD unable
to meta-learn (i.e., learning which features in a task convey learnable regularities and which one can be regarded as meaning-
less stochastic fluctuations). The findings that subjects with ASD perform well in visual detection and discrimination tasks
(Vossel et al., 2014) but their executive attention is atypical, and they often miss the point (Elison et al., 2013) seem to support
their difficulties in meta-learning. Although the above explanatory approaches focus on different aspects of neurocognitive
functioning and attempt to explain autism at different levels of neurocognitive processing, these accounts are not necessarily
mutually exclusive, but rather offer complementary approaches in ASD research.
3 | TRANSLATIONAL APPROACHES TO UNDERSTAND AUTISM: POTENTIALS AND
LIMITATIONS
The fact that both proximate and ultimate mechanisms underlying the development of the autistic behaviors remain to be
refined poses an acute problem for autism research, and stresses the need for animal models that may advance our understand-
ing of the disease mechanisms. The traditional rodent models boast an impressive array of experimental evidence (Lazaro &
Golshani, 2015), the molecular genetics models of ASD are precise and tractable (Watson & Platt, 2012) and some of the core
features of human autism can be simulated in mice (Bicks, Koike, Akbarian, & Morishita, 2015). Importantly, however, this
approach suffers from significant limitations. One major concern is that there are substantial differences between humans and
rodents with regard to the natural social behavior and social structure. Rats and mice lack the complexity of human social
behavior and this, among others, bears the risk of drawing oversimplified parallels between human and rodent behavior. More-
over, several characteristics of ASD—typically those which require higher level of social cognitive functioning—are difficult
or impossible to study in rodents (P. H. Patterson, 2011) and the wide range of ASD symptoms that occur spontaneously in
humans must be experimentally induced in these animals (e.g., Nicolini & Fahnestock, 2018). Thus, while rodent models of
FIGURE 1 Schematic description of the complex etiology of autism spectrum disorder
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ASD can undoubtedly advance our understanding of the basic behavioral regulatory mechanisms (Watson & Platt, 2012) the
greatly dissimilar nature of human and rodent social cognition (i.e., the set of mental operations and the social communicative
signals that are used in social interactions with others—Millan & Bales, 2013) seriously restricts the impact of rodent models
on understanding the complex social cognitive aspects of human ASD.
Although no animal model can fully mirror the various phenotypic expressions characteristic of human ASD, higher
degree of similarity between human and nonhuman natural behavior repertoire—particularly as regards behaviors that serve a
social communication function—is a powerful tool for increasing face and construct validity thereby increasing the transla-
tional capacity of the animal model. In line with this idea, many assume that the use of nonhuman primate models allows a
closer approximation of ASD symptomatology (Watson & Platt, 2012). However, it is noteworthy that despite the obvious
benefits to study rhesus monkey models of ASD (Bauman & Schumann, 2018), these models may be of limited value in
studying some of the core social communicative symptoms. For example, eye contact is linked mainly to affiliative and infor-
mation sharing motivations in humans and it has an important role in ostensive communication (Csibra, 2010). In contrast,
prolonged eye contact in nonhuman primates serves primarily as a threat to the conspecifics (Gomez, 1996) and has little
(if any) communicative significance (Kano et al., 2018). Recent research has shown, however, that despite the distant evolu-
tionary relationships between dogs and humans, domestic dogs use eye contact and gazing in interspecific situations (towards
humans) in a human(infant)-like manner (Topál, Kis, & Oláh, 2014). Moreover, compared with nonhuman primates studied
mainly in captivity and under semi-natural conditions, dogs, like human children, can be observed in their natural environment
and/or can be tested in a less restrictive way (see e.g., the eye-tracking experiments with head-unrestrained dogs, Téglás, Ger-
gely, Kupán, Miklósi, & Topál, 2012). Even more importantly, the experimental paradigms for studying dogs' social skills are
well-matched (or even identical) to those used to assess children's social skills. This uniquely positions the dog model to
bridge the gap between nonhuman primate models and human ASD populations.
It is also important to consider whether or not the dog model can be used to study human ASD symptoms across the devel-
opmental spectrum. Based on the notion that one of the consequences of dog domestication is the retention of juvenile and
puppy-like behavioral traits into adulthood (paedomorphism, Goodwin, Bradshaw, & Wickens, 1997), and at least prima facie,
dogs' cognitive developmental level is more comparable to children's than to adults', it seems reasonable to assume that the
dog serves as a suitable model of children with ASD. However, human ASD is a lifelong condition, and diagnosis is generally
stable over time (Lord et al., 2006) even though longitudinal studies indicate the possibility of improvement in symptoms with
age (Bal, Kim, Fok, & Lord, 2018). Therefore, we may suppose that the dog can serve as a model for studying ASD symp-
toms predominantly, but not exclusively, in children.
Increasing evidence suggest that domestic dogs represent the ideal subjects for studying the genetics of social behavior
(Jensen et al., 2016) and the evolution of a human-analog social competence (Miklósi & Topál, 2013). In line with this idea,
recent genetic studies have identified candidate genomic regions associated with human-directed social behaviors in dogs (Kis
et al., 2014; Persson, Wright, Roth, Batakis, & Jensen, 2016) and an experimental investigation of behavioral variations within
a certain breed (Bull Terrier) revealed behavioral and endocrine phenotypes similar to the clinical presentation of human
autism (Tsilioni et al., 2014). Namely, tail chasing in Bull Terriers may serve as an indication of autism-like behaviors: this
stereotypical behavior is closely associated with owner-directed explosive aggression, trancing, social withdrawal and persis-
tent preoccupation with objects. In addition, tail-chasers are also unable to cope with stressful situations and males are affected
more often than females (Moon-Fanelli, Dodman, Famula, & Cottam, 2010). Results from a dog owner survey on the social
behaviors of Miniature and Standard Poodles also indicated autism-relevant behaviors in smaller subgroups of these breeds
(Zamzow, Lit, Hamilton, & Beversdorf, 2017). We should also note that the potential link between individual differences in
ASD-like behaviors in dogs and (social) learning performance is an intriguing yet understudied field. It has been shown, for
example, that puppies that react negatively to being petted by a human handler are more likely to be withdrawn from the guide
dog training program than more sociable subjects (Asher et al., 2013) and dogs that show predisposition towards stereotypic
behaviors differ from the normal population in terms of their cognitive flexibility (i.e., they show greater resistance to extinc-
tion in a reversal learning task, Protopopova, Hall, & Wynne, 2014).
These preliminary results hold promise for the use of the dog as a novel model system for human social disorders in gen-
eral (vonHoldt et al., 2017) and for ASD in more particular (Persson et al., 2016). It is important to note, however, that not
only genetic and neuroendocrine factors contribute to the symptoms of ASD, but neurocognitive functions also play a pivotal
role in the regulation of core behaviors.
Here we propose that in order to adapt to living in human social environment, dogs' neurocognitive functions underwent a
series of changes affecting a wide array of social features in this species. This led to the emergence of human(infant)-analog
social competence in dogs (Miklósi & Topál, 2013; Topál, Gergely, Erdőhegyi, Csibra, & Miklósi, 2009; Topál et al., 2009;
Topál et al., 2014) and, as a consequence of these specific changes, the dog as a model organism for ASD presents a promis-
ing alternative to the commonly used rodent models. Accordingly, we may assume that (a) there is a large inter-individual
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variability in the manifestation of dogs' social cognitive abilities including both high and low phenotypic extremes; (b) the
phenotypic similarity between the dog and human symptoms are much higher than between the rodent and human symptoms;
(c) the symptoms are functionally analogous to the human condition; and (d) more likely to have similar etiology.
4 | DOGS CAN UNIQUELY MIMIC THE KEY NEUROCOGNITIVE ASPECTS OF HUMAN ASD
Based on the above considerations, we may assume that the convergent evolution of human and dog social cognition (Hare
et al., 2002; Topál, Gergely, et al., 2009; Topál, Miklósi, et al., 2009) has led to the emergence of human-directed social com-
petence in dogs (Bräuer, Kaminski, Riedel, Call, & Tomasello, 2006; Hare et al., 2010; Miklósi & Topál, 2012) that make this
animal a powerful model for autism research (Table 1). This may be especially true when studying the key neurocognitive
aspects of human ASD including social motivation deficit (Chevallier et al., 2013) and atypical tolerance for prediction error
(Hellendoorn et al., 2015; Sinha et al., 2014; Van de Cruys et al., 2017) as potentially underlying causes of ASD-like
behaviors.
If the behavior symptoms of ASD stem primarily from the dysfunctions of the social affiliative motivation system, the ana-
logs of this system can be found only in species which, during their evolution, faced similar challenges in adapting to the
social environment as humans. Importantly, ASD seems to affect specifically the motivation for social affiliative interactions.
This motivation can be seen as a distinct category among other types of social motivations (sexual, parenting, etc.—Kenrick,
Griskevicius, Neuberg, & Schaller, 2010) and it is associated specifically to the needs of belongingness, affection, social
acceptance, and social conformity in people (Over, 2016). Ample evidence suggests that dogs are not only motivated but
uniquely competent in interacting with humans and they display many of these social skills specifically towards humans and
not towards conspecifics (Topál et al., 2014; Worsley & O'Hara, 2018). It seems that the motivation systems which regulate
the social behaviors directed towards conspecifics in dogs are different from those of regulating human-directed social behav-
iors. This later motivation system may represent a functional analog of the human social-affiliative motivation system and this
is a key factor in the development of the dogs' human-like social competence. Human social cues appear to be inherently
rewarding for dogs and there are other intriguing parallels between the dogs' human-directed social cognitive behavior and the
behavioral manifestations of the human social-affiliative motivation systems (Gácsi et al., 2005; Miklósi et al., 2003). A possi-
ble consequence of dogs' “human-tunedness” is that tools that can keep dogs and young children motivated in experimental
settings are very similar, and these tools are quite different from those used in rodent or primate experiments. Although food
rewards can be an effective way to encourage both rodents' and dog’ participation in experimental trials, dogs (unlike wolves,
see Feuerbacher & Wynne, 2012) are generally highly responsive to social reinforcement such as stroking or verbal praise.
This factor plays a crucial role in experimental designs aimed to manipulate or measure phenomena relevant to social
motivation.
Moreover, the oxytocin system, like in humans, plays a key role in modulating human-oriented social behaviors in dogs
(Kis et al., 2017; Nagasawa, Ogawa, Mogi, & Kikusui, 2017; Somppi et al., 2017). Although the expression of these behav-
iors is a general characteristic of the domestic dog, there are considerable variations between individuals as well as between
breeds (Kovács, Kis, Pogány, Koller, & Topál, 2016). Compared to the currently available rodent models, the abnormal
expression of these behaviors in dogs could be more relevant to the human ASD symptoms regarding both the phenotypic
similarity and the etiology.
The dog model also offers high translational value if we accept that atypical perception of discrepancy between the actual
and expected outcome (prediction error) is a fundamental deficit in ASD. This is so because, in response to challenges of
adaptation to human environment, dogs have evolved a highly flexible information processing system. That is, human social
settings provide a wide variety of cognitively demanding inputs for dogs and thus the development of social competence in
dogs in such a complex social environment largely depends on whether signals (i.e., learnable regularities) and noise
(i.e., “meaningless” deviations from predictions) are properly disentangled. Dogs often participate in noisy and dynamic social
interaction scenes during which they (like young children) can efficiently generate adequate “social scripts” (e.g., social rules,
Topál, Kubinyi, Gácsi, & Miklósi, 2006) that can be applied broadly in adequate social contexts. Domestic dogs acquire such
meta-knowledge more flexibly than their wild ancestors (Topál, Gergely, et al., 2009) and this social learning aptitude implies
flexible tolerance for prediction error during information processing. We may assume, however, that there are considerable
individual (and/or breed) differences in dogs' ability to extract meta-knowledge from complex social interactions with humans.
If a dog perceives and responds to violations to its predictions atypically due to its “low and inflexible” tolerance for predic-
tion error, this may manifest as atypical use of eye contact, emotion recognition deficits etc. (i.e., deficits that parallels that of
children with autism). Importantly, a systematic (and direct) investigation of the relevance of these concepts in ASD-like ani-
mal behaviors is still missing from the literature.
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TABLE 1 Selected examples of the parallels between behavioral manifestations of autism spectrum disorder (ASD) and potentially relevant human-analog
social cognitive skills in dogs
Behavioral
manifestation
Human studies Studies on dogs
Findings (behavior of patients
with ASD as compared with
typically developing
participants)











Infants with ASD look at the
face of another less often
Coding of home video tapes of
the infants' first birthday party
(Osterling et al., 2002).
Even 5-week-old puppies show
a spontaneous tendency to
gaze at the human's face
(increased preference for
face-to-face interactions)
Dogs are allowed to explore an
unfamiliar room freely in the
presence of non-interactive
human partners (Gácsi et al.,
2005)
Adolescent individuals with
ASD made fewer fixations on
the eye region of faces
Watching video clips of social
interactions (eye-tracking
technology) (Klin, Jones,
Schultz, Volkmar, & Cohen,
2002)
Adult pet dogs visually explore
the eye-region of human
faces more than other facial
features
Watching human facial images
(eye-tracking technology)
(Kis, Ciobica, & Topál,
2017; Somppi, Törnqvist,






Children with ASD show
deficits in initiating and
responding to joint attention
and gaze shifts (between a
person and an object)
Adult–child interactions in a
standard but flexible manner
(Wetherby et al., 1998)
Dogs readily follow and direct
human gaze
Target object is indicated by a
human's gaze (either real
choice task—Kaminski,
2009 or eye tracking—
Téglás et al., 2012)
Relying on the gaze direction
of humans, dogs are able to
infer who is commanded to
perform an action
Testing dogs' response to their
owner's commands. The
owner is facing either the
dog or a human partner or
none of them (Virányi,






to a target object
Infants at high risk for ASD




to a desired toy)
Semi-structured interaction with
a standardized toy set. Tasks
are designed to elicit
referential communication
through the use of high
interest objects (Ibañez,
Grantz, & Messinger, 2013)





Coding of home video tapes of
everyday communicative
bouts (e.g., requesting food
and doors to be opened,
playing, etc.) with humans







18-month-old infants at high risk
for ASD are less likely to seek
information from an adult
when confronted with a novel
stimulus and exhibit
impairments in regulating
their behavior based on the
adults' emotional signals
Semi-naturalistic play setting:
presentation of different toys







Dogs tend to look referentially
at the informant and use the
emotional messages to guide
their own behavior towards
an external object/situation
Dogs are presented with a
potentially scary object in
the presence of their owner
or a stranger. Human









Patients with ASD are more
likely to imitate in a
structured, elicited situation
than an unstructured socially
driven context. Imitation





instrumental nature of the
modeled action
Assessing the ability of
participants with ASD to
respond on demand to the
demonstrations of an
unfamiliar experimenter in a
controlled laboratory setting
(Ingersoll, 2008)





after a delay (deferred
imitation) and can generalize
imitation across
modifications in contexts.
They are also able to
recognize the goals of others
and adjust their behavior
accordingly
Dog are trained with the Do as
I Do method to match their
behavior to demonstrated









Patients with ASD tend to ignore
audience expectations
(e.g., they are reluctant to
change their behavior to the
varying requirement of an
audience and are not
influenced by the presence of
an observer when making
donations)
Participants are asked to describe
themselves when specific
information is given about the
audience preferences
(Scheeren, Begeer, Banerjee,
Meerum, & Koot, 2010), or in
a dictator game, participants
are asked to make charitable
donations in the presence or
absence of observers (Izuma,
Matsumoto, Camerer, &
Adolphs, 2011)
Dogs tend to conform to a
human's expectations
(e.g., do not eat the
forbidden food) in the
presence (vs. absence) of an
attentive human, and show
appeasing behaviors (guilty
look) when scolded for
supposedly eating a
forbidden treat
A piece of food is placed on a
plate and the experimenter
forbids the dog from taking
it. The dog is either left
alone for a while or a human
remains present (Kaminski,
Pitsch, & Tomasello, 2013;
Hecht, Miklósi, & Gácsi,
2012)
(Continues)
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5 | CONCLUSION
Despite extensive research over past decades, the neurocognitive mechanisms of autism are still poorly understood and there
remains a need to promote conceptual understanding of this unique human disorder. In this study, we make the case for a
novel translational approach to study ASD, arguing that the dog naturally serves as a model for understanding different aspects
of human social behavior and cognition including the core symptoms of autism. Evidently, however, more research is needed
to explore the translational value of dog models. The most compelling task for future research is to bring together cutting-edge
neuroscience and genotyping methods with behavior phenotyping, in order to compare humans' and dogs' social behavior and
the underlying neurobiological mechanisms. Studying the relationship between different aspects of social behavior and the
oxytocin system in the dog is also a promising research area which may have translational relevance for understanding the
neuro-hormonal bases of human social cognitive abilities.
Dog studies may also hold promise for the development of a new model system for applied pharmaceutical research. These
studies may be of particular importance because ASD represents a huge unmet medical need. Namely, this disorder is not only
highly prevalent, but, despite great efforts by pharmaceutical companies to develop new treatments, a drug approved for treat-
ment of core symptoms is not yet available. Currently, the almost only way to identify novel compounds is to test those in
rodents including idiopathic, environmentally-induced or transgenic models of autism, but the translational value of these




Human studies Studies on dogs
Findings (behavior of patients
with ASD as compared with
typically developing
participants)











Patients with ASD have lower
success in recognizing human
facial emotions and in
matching different modalities
of emotional expressions
Participants are asked to assess
emotions from photographs of
faces (Bormann-Kischkel,
Vilsmeier, & Baude, 1995) or




Dogs are sensitive to emotions
expressed in human faces
Dogs are trained to discriminate
between photographs of their
owner's positive and neutral
facial expressions
(Nagasawa, Murai, Mogi, &
Kikusui, 2011) or using eye
tracking technology to
observe dogs' reaction to
pictures of human faces
(Barber, Randi, Müller, &
Huber, 2016)
Children with ASD demonstrate
less frequent emotional
responsivity and emotion




affects (e.g., joy, fear, disgust)
in different situations
(e.g., opening a small gift box




Dogs are able to distinguish
between different positive
and negative emotions
conveyed by human faces
and sounds. They also show
emotional contagion in
response to negative sounds
or facial expressions from
humans






Mills, 2018; Huber, Barber,





Children with ASD conform less
to the misleading opinion of
others
Participants are asked to indicate
which one of cartoon figures a
comparison figure matches in




Verrier, & Reidy, 2014)
Dogs spontaneously adopt a
seemingly pointless behavior




dog walkers: owners are
asked to form a new habit—
making a short detour before
entering the house (Kubinyi,
Miklósi, Topál, & Csányi
2003)
Dogs show a tendency to
conform to the human's
choice even when it is
counterproductive (e.g., they
ignore their natural
preference for the larger
amount of food)
Quantity discrimination task: a
choice between large and
small food quantity. After
the “no influence” trials dogs
are allowed to choose only
after observing the
experimenter expressing a
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an approach with higher translational power, the limited availability of subjects and the ethical concerns pose practical limita-
tions on the possibilities for involvement of primates.
Here we argue that a dog model could be a reasonable alternative solution. While the physiological origin and phenotype
of such a model can be established with relative ease, assessing the ability to predict prosocial efficacy of drug candidates in
humans is still a challenging issue. The central problem here is the lack of any medication for the core symptoms and thus the
lack of a “gold standard” that could be used to verify that the model is able to detect efficacy. The use of compounds that have
produced signs of efficacy in humans, such as the neurohormone oxytocin, would help researchers to evaluate the predictive
validity of the dog model of ASD.
In summary, this new line of translational research has the potential to contribute to our understanding of the human ASD
symptoms and opens the way for the development of a more valid and clinically more relevant animal model system. Whether
this approach will prove fruitful remains to be seen, but if yes, then man's best friend, the dog, will become the translational
researcher's new best friend.
ACKNOWLEDGMENTS
Financial support was provided by the National Research Development and Innovation Office (K128448), the Hungarian
Academy of Sciences (MTAPD) and Chemical Works of Gedeon Richter Plc.
CONFLICT OF INTEREST
V.R. is a full-time employee of Gedeon Richter Plc. J.T. and B.T. declare no conflict of interest.
RELATED WIREs ARTICLES
The development of autism spectrum disorders: Variability and causal complexity
Evolution of cognition
FURTHER READING
Hoffman, J. M., Creevy, K. E., Franks, A., Neill, D. G. O., & Promislow, D. E. L. (2018). The companion dog as a model for human aging and mortality. Aging Cell,
17, e12737.
Marshall-Pescini, S., Colombo, E., Passalacqua, C., Merola, I., & Prato-Previde, E. (2013). Gaze alternation in dogs and toddlers in an unsolvable task: Evidence of an
audience effect. Animal Cognition, 16, 933–943.
REFERENCES
Adin, C. A., & Gilor, C. (2017). The diabetic dog as a translational model for human islet transplantation. Yale Journal of Biology and Medicine, 90, 509–515.
Albuquerque, N., Guo, K., Wilkinson, A., Resende, B., & Mills, D. S. (2018). Mouth-licking by dogs as a response to emotional stimuli. Behavioural Processes, 146,
42–45.
American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders (5th ed.). Arlington, VA: American Psychiatric Association.
Araujo, J. A., Greig, N. H., Ingram, D. K., Sandin, J., de Rivera, C., & Milgram, N. W. (2011). Cholinesterase inhibitors improve both memory and complex learning in
aged beagle dogs. Journal of Alzheimer's Disease, 26, 143–155.
Asher, L., Blythe, S., Roberts, R., Toothill, L., Craigon, P. J., Evans, K. M., … England, G. C. (2013). A standardized behavior test for potential guide dog puppies:
Methods and association with subsequent success in guide dog training. Journal of Veterinary Behavior, 8(6), 431–438.
Bal, V. H., Kim, S. H., Fok, M., & Lord, C. (2018). Autism spectrum disorder symptoms from ages 2 to 19 years: Implications for diagnosing adolescents and young
adults. Autism Research, 12, 89–99. https://doi.org/10.1002/aur.2004
Barber, A. L. A., Randi, D., Müller, C. A., & Huber, L. (2016). The processing of human emotional faces by pet and lab dogs: Evidence for lateralization and experience
effects. PLoS One, 11(4), e0152393.
Baron-Cohen, S. (2000). Theory of mind and autism: A review. International Review of Research in Mental Retardation, 23, 169–184.
Bauman, M. D., & Schumann, C. M. (2018). Advances in nonhuman primate models of autism: Integrating neuroscience and behavior. Experimental Neurology, 299,
252–265.
Baxter, A. J., Brugha, T. S., Erskine, H. E., Scheurer, R. W., Vos, T., & Scott, J. G. (2015). The epidemiology and global burden of autism spectrum disorders. Psycho-
logical Medicine, 45, 601–613.
Bensky, M. K., Gosling, S. D., & Sinn, D. L. (2013). The world from a dog’s point of view: A review and synthesis of dog cognition research. Advances in the Study of
Behavior, 45, 209–406.
Betancur, C., & Coleman, M. (2013). Etiological heterogeneity in autism spectrum disorders: Role of rare variants. In J. D. Buxbaum & P. R. Hof (Eds.), The neurosci-
ence of autism spectrum disorders (pp. 113–144). Oxford, London/Waltham, MA: Academic Press.
Bicks, L. K., Koike, H., Akbarian, S., & Morishita, H. (2015). Prefrontal cortex and social cognition in mouse and man. Frontiers in Psychology, 6, 1805.
Bormann-Kischkel, C., Vilsmeier, M., & Baude, B. (1995). The development of emotional concepts in autism. Journal of Child Psychology and Psychiatry, 36,
1243–1259.
Bräuer, J., Kaminski, J., Riedel, J., Call, J., & Tomasello, M. (2006). Making inferences about the location of hidden food: Social dog, causal ape. Journal of Compara-
tive Psychology, 120, 38–47.
8 of 11 TOPÁL ET AL.
Bunford, N., Andics, A., Kis, A., Miklósi, A., & Gácsi, M. (2017). Canis familiaris as model for non-invasive comparative neuroscience. Trends in Neurosciences, 40,
438–452.
Centers for Disease Control and Prevention. (2018). Prevalence of autism spectrum disorder among children aged 8 years—Autism and developmental disabilities moni-
toring network, 11 sites, US, 2014. MWR Surveillance Summaries, 67, 1–23.
Champagain, D., Range, F., Huber, L., & Virányi, Z. (2018). Cognitive aging in dogs. Gerontology, 64, 165–171.
Chevallier, C., Huguet, P., Happé, F., George, N., & Conty, L. (2013). Salient social cues are prioritized in autism spectrum disorders despite overall decrease in social
attention. Journal of Autism and Developmental Disorders, 43, 1642–1651.
Constantino, J. N., Kennon-McGill, S., Weichselbaum, C., Marrus, N., Haider, A., Glowinski, A. L., … Jones, W. (2017). Infant viewing of social scenes is under
genetic control and is atypical in autism. Nature, 547, 340–344.
Cornew, L., Dobkins, K. R., Akshoomoff, N., McCleery, J. P., & Carver, L. J. (2012). Atypical social referencing in infant siblings of children with autism spectrum dis-
orders. Journal of Autism and Developmental Disorders, 42, 2611–2621.
Csibra, G. (2010). Recognizing communicative intentions in infancy. Mind & Language, 25, 141–168.
Dawson, G., Toth, K., Abbott, R., Osterling, J., Munson, J., Estes, A., & Liaw, J. (2004). Early social attention impairments in autism: Social orienting, joint attention,
and attention to distress. Developmental Psychology, 40, 271–283.
Demurie, E., Roeyers, H., Baeyens, D., & Sonuga-Barke, E. (2011). Common alterations in sensitivity to type but not amount of reward in ADHD and autism spectrum
disorders. Journal of Child Psychology and Psychiatry, 52, 1164–1173.
Elison, J. T., Paterson, S. J., Wolff, J. J., Reznick, J. S., Sasson, N. J., Gu, H., … Piven, J. (2013). White matter microstructure and atypical visual orienting in 7-month-
olds at risk for autism. American Journal of Psychiatry, 170, 899–908.
Feuerbacher, E. N., & Wynne, C. D. (2012). Relative efficacy of human social interaction and food as reinforcers for domestic dogs and hand-reared wolves. Journal of
the Experimental Analysis of Behavior, 98, 105–129.
Fugazza, C., & Miklósi, A. (2014). Deferred imitation and declarative memory in domestic dogs. Animal Cognition, 17, 237–247.
Gácsi, M., Győri, B., Miklósi, A., Virányi, Z., Kubinyi, E., Topál, J., & Csányi, V. (2005). Species-specific differences and similarities in the behavior of hand raised
dog and wolf puppies in social situations with humans. Developmental Psychobiology, 47, 111–122.
Gomez, J. C. (1996). Ostensive behavior in great apes: The role of eye contact. In A. E. Russon, K. A. Bard, & S. T. Parker (Eds.), Reaching into thought: The minds of
the great apes (pp. 131–151). New York, NY: Cambridge University Press.
Gonzalez-Gadea, M. L., Sigman, M., Rattazzi, A., Lavin, C., Rivera-Rei, A., Marino, J., … Ibanez, A. (2016). Neural markers of social and monetary rewards in chil-
dren with attention-deficit/hyperactivity disorder and autism spectrum disorder. Scientific Reports, 6, 30588.
Goodwin, D., Bradshaw, J. W. S., & Wickens, S. M. (1997). Paedomorphosis affects agonistic visual signals of domestic dogs. Animal Behaviour, 53, 297–304.
Happé, F., & Frith, U. (2006). The weak coherence account: Detail-focused cognitive style in autism spectrum disorders. Journal of Autism and Developmental Disor-
ders, 36, 5–25.
Hare, B., Brown, M., Williamson, C., & Tomasello, M. (2002). The domestication of cognition in dogs. Science, 298, 1634–1636.
Hare, B., Rosati, A., Kaminski, J., Bräuer, J., Call, J., & Tomasello, M. (2010). The domestication hypothesis for dogs' skills with human communication: A response to
Udell et al. (2008) and Wynne et al. (2008). Animal Behaviour, 79, e1–e6.
Hecht, J., Miklósi, A., & Gácsi, M. (2012). Behavioral assessment and owner perceptions of behaviors associated with guilt in dogs. Applied Animal Behaviour Science,
139, 134–142.
Hellendoorn, A., Wijnroks, L., & Leseman, P. P. M. (2015). Unraveling the nature of autism: Finding order amid change. Frontiers in Psychology, 6, 359.
Hobson, P. (1986). The autistic child's appraisal of expressions of emotion. Journal of Child Psychology and Psychiatry, 27, 321–342.
Horn, L., Huber, L., & Range, F. (2013). The importance of the secure base effect for domestic dogs—Evidence from a manipulative problem-solving task. PLoS One,
8, e65296.
Huber, A., Barber, A. L. A., Faragó, T., Müller, C. A., & Huber, L. (2017). Investigating emotional contagion in dogs (Canis familiaris) to emotional sounds of humans
and conspecifics. Animal Cognition, 20, 703–715.
Ibañez, L. V., Grantz, C. J., & Messinger, D. S. (2013). The development of referential communication and autism symptomatology in high-risk infants. Infancy, 18,
687–707.
Ingersoll, B. (2008). The effect of context on imitation skills in children with autism. Research in Autism Spectrum Disorders, 2, 332–340.
Izuma, K., Matsumoto, K., Camerer, C. F., & Adolphs, R. (2011). Insensitivity to social reputation in autism. Proceedings of the National Academy of Sciences of the
United States of America, 108, 17302–17307.
Jensen, P., Persson, M. E., Wright, D., Johnsson, M., Sundman, A. S., & Roth, L. S. V. (2016). The genetics of how dogs became our social allies. Current Directions
in Psychological Science, 25, 334–338.
Jones, E. J., Venema, K., Earl, R. K., Lowy, R., & Webb, S. J. (2017). Infant social attention: An endophenotype of ASD-related traits? Journal of Child Psychology
and Psychiatry, 58, 270–281.
Kaminski, J. (2009). Dogs (Canis familiaris) are adapted to receive human communication. In A. Berthoz & Y. Christen (Eds.), Neurobiology of Umwelt: How living
beings perceive the world (pp. 103–107). Berlin, Germany: Springer Verlag.
Kaminski, J., Pitsch, A., & Tomasello, M. (2013). Dogs steal in the dark. Animal Cognition, 16, 385–394.
Kano, F., Moore, R., Krupenye, C., Hirata, S., Tomonaga, M., & Call, J. (2018). Human ostensive signals do not enhance gaze following in chimpanzees, but do
enhance object-oriented attention. Animal Cognition, 21, 715–728.
Kenrick, D. T., Griskevicius, V., Neuberg, S. L., & Schaller, M. (2010). Renovating the pyramid of needs: Contemporary extensions built upon ancient foundations.
Perspectives on Psychological Science, 5, 292–314.
Kis, A., Bence, M., Lakatos, G., Pergel, E., Turcsán, B., Pluijmakers, J., … Kubinyi, E. (2014). Oxytocin receptor gene polymorphisms are associated with human
directed social behavior in dogs (Canis familiaris). PLoS One, 9, e83993.
Kis, A., Ciobica, A., & Topál, J. (2017). The effect of oxytocin on human-directed social behaviour in dogs (Canis familiaris). Hormones and Behavior, 4, 40–52.
Klin, A., Jones, W., Schultz, R., Volkmar, F., & Cohen, D. (2002). Visual fixation patterns during viewing of naturalistic social situations as predictors of social compe-
tence in individuals with autism. Archives of General Psychiatry, 59, 809–816.
Kovács, K., Kis, A., Pogány, A., Koller, D., & Topál, J. (2016). Differential effects of oxytocin on social sensitivity in two distinct breeds of dogs (Canis familiaris).
Psychoneuroendocrinology, 74, 212–220.
Kubinyi, E., Miklósi, A., Topál, J., & Csányi, V. (2003). Social mimetic behaviour and social anticipation in dogs: Preliminary results. Animal Cognition, 6, 57–63.
Lazaro, M., & Golshani, P. (2015). The utility of rodent models of autism spectrum disorders. Current Opinion in Neurology, 28, 103–109.
Ledford, H. (2016). Dog DNA probed for clues to human psychiatric ills. Nature, 529, 446–447.
Lord, C., Risi, S., DiLavore, P. S., Shulman, C., Thurm, A., & Pickles, A. (2006). Autism from 2 to 9 years of age. Archives of General Psychiatry, 63, 694–701.
Marshall-Pescini, S., Prato-Previde, E., & Valsecchi, P. (2011). Are dogs (Canis familiaris) misled more by their owners than by strangers in a food choice task? Animal
Cognition, 14, 137–142.
TOPÁL ET AL. 9 of 11
Merola, I., Prato-Previde, E., & Marshall-Pescini, S. (2012). Social referencing in dog-owner dyads? Animal Cognition, 15, 175–185.
Miklósi, A., Kubinyi, E., Topál, J., Gácsi, M., Virányi, Z., & Csányi, V. (2003). A simple reason for a big difference: Wolves do not look back at humans but dogs do.
Current Biology, 13, 763–766.
Miklósi, A., & Topál, J. (2012). The evolution of canine cognition. In J. Vonk & T. Shackelford (Eds.), The Oxford handbook of comparative evolutionary psychology
(pp. 513–568). New York, NY: Oxford University Press.
Miklósi, A., & Topál, J. (2013). What does it take to become ‘best friends’? Evolutionary changes in canine social competence. Trends in Cognitive Sciences, 17, 287–294.
Millan, M. J., & Bales, K. L. (2013). Towards improved animal models for evaluating social cognition and its disruption in schizophrenia: The CNTRICS initiative.
Neuroscience and Biobehavioral Reviews, 37, 2166–2180.
Moon-Fanelli, A. A., Dodman, N. H., Famula, T. R., & Cottam, N. (2010). Characteristics of compulsive tail chasing and associated risk factors in Bull Terriers. Jour-
nal of the American Veterinary Medical Association, 238, 883–889.
Mottron, L., Dawson, M., Soulières, I., Hubert, B., & Burack, J. (2006). Enhanced perceptual functioning in autism: An update, and eight principles of autistic percep-
tion. Journal of Autism and Developmental Disorders, 36, 27–43.
Nagasawa, M., Murai, K., Mogi, K., & Kikusui, T. (2011). Dogs can discriminate human smiling faces from blank expressions. Animal Cognition, 14, 525–533.
Nagasawa, M., Ogawa, M., Mogi, K., & Kikusui, T. (2017). Intranasal oxytocin treatment increases eye-gaze behavior toward the owner in ancient Japanese dog breeds.
Frontiers in Psychology, 8, 1624.
Nicolini, C., & Fahnestock, M. (2018). The valproic acid-induced rodent model of autism. Experimental Neurology, 299, 217–227.
Osterling, J. A., Dawson, G., & Munson, J. A. (2002). Early recognition of 1-year-old infants with autism spectrum disorder versus mental retardation. Development
and Psychopathology, 14, 239–251.
Over, H. (2016). The origins of belonging: Social motivation in infants and young children. Philosophical Transactions of the Royal Society of London, Series B, 371,
20150072.
Overall, K. L. (2000). Natural animal models of human psychiatric conditions: Assessment of mechanism and validity. Progress in Neuro-Psychopharmacology and
Biological Psychiatry, 24, 727–776.
Parker, H. G., Shearin, A. L., & Ostrander, E. A. (2010). Man's best friend becomes biology's best in show: Genome analyses in the domestic dog. Annual Review of
Genetics, 44, 309–336.
Patterson, E. E. (2014). Canine epilepsy: An underutilized model. ILAR Journal, 55, 182–186.
Patterson, P. H. (2011). Modeling autistic features in animals. Pediatric Research, 69, 34R–40R.
Payne, E., Bennett, P. C., & McGreevy, P. (2015). Current perspectives on attachment and bonding in the dog–human dyad. Psychology Research and Behavior Man-
agement, 8, 71–79.
Persson, M. E., Wright, D., Roth, L. S. V., Batakis, P., & Jensen, P. (2016). Genomic regions associated with interspecies communication in dogs contain genes related
to human social disorders. Scientific Reports, 6, 33439.
Pogány, A., Torda, O., Marinelli, L., Lenkei, R., Junó, V., & Pongrácz, P. (2018). The behaviour of overweight dogs shows similarity with personality traits of over-
weight humans. Royal Society Open Science, 5, e172398.
Prato-Previde, E., Marshall-Pescini, S., & Valsecchi, P. (2008). Is your choice my choice? The owners' effect on pet dogs' (Canis lupus familiaris) performance in a food
choice task. Animal Cognition, 11, 167–174.
Protopopova, A., Hall, N. J., & Wynne, C. D. L. (2014). Association between increased behavioral persistence and stereotypy in the pet dog. Behavioural Processes,
106, 77–81.
Scambler, D. J., Hepburn, S., Rutherford, M. D., Wehner, E. A., & Rogers, S. J. (2007). Emotional responsivity in children with autism, children with other develop-
mental disabilities, and children with typical development. Journal of Autism and Developmental Disorders, 37(3), 553–563.
Scheeren, A. M., Begeer, S., Banerjee, R., Meerum, T. M., & Koot, H. M. (2010). Can you tell me something about yourself? Self-presentation in children and adoles-
cents with high functioning autism spectrum disorder in hypothetical and real life situations. Autism, 14(5), 457–473.
Shields, A., & Cicchetti, D. (1998). Reactive aggression among maltreated children: The contributions of attention and emotion dysregulation. Journal of Clinical Child
Psychology, 27, 381–395.
Sinha, P., Kjelgaard,M.M., Gandhi, T. K., Tsourides, K., Cardinaux, A. L., Pantazis, D.,…Held, R.M. (2014). Autism as a disorder of prediction. PNAS, 111, 15220–15225.
Siniscalco, D., Bradstreet, J. J., & Antonucci, N. (2013). Therapeutic role of hematopoietic stem cells in autism spectrum disorder-related inflammation. Frontiers in
Immunology, 10(4), 140.
Somppi, S., Törnqvist, H., Hänninen, L., Krause, C., &Vainio, O. (2014). How dogs scan familiar and inverted faces: An eyemovement study.Animal Cognition, 17, 793–803.
Somppi, S., Törnqvist, H., Topál, J., Koskela, A., Hänninen, L., Krause, C. M., & Vainio, O. (2017). Nasal oxytocin administration alters the gazing behavior and pupil
dilatation in domestic dogs. Frontiers in Psychology, 8, 1854.
Switonski, M. (2014). Dog as a model in studies on human hereditary diseases and their gene therapy. Reproductive Biology, 14, 44–50.
Téglás, E., Gergely, A., Kupán, K., Miklósi, A., & Topál, J. (2012). Dogs' gaze following is tuned to human communicative signals. Current Biology, 22, 209–212.
Topál, J., Gergely, G., Erdőhegyi, A., Csibra, G., & Miklósi, A. (2009). Differential sensitivity to human communication in dogs, wolves and human infants. Science,
325, 1269–1272.
Topál, J., Kis, A., & Oláh, K. (2014). Dogs' sensitivity to human ostensive cues: A unique adaptation? In J. Kaminski & S. Marshall-Pescini (Eds.), The social dog:
Behaviour and cognition (pp. 319–346). London, England: Elsevier.
Topál, J., Kubinyi, E., Gácsi, M., & Miklósi, A. (2006). Obeying social rules: A comparative study on dogs and humans. Journal of Cultural and Evolutionary Psychol-
ogy, 3, 213–238.
Topál, J., Miklósi, A., Gácsi, M., Dóka, A., Pongrácz, P., Kubinyi, E., … Csányi, V. (2009). Dog as a model for understanding human social behavior. Advances in the
Study of Behavior, 39, 71–116.
Tsilioni, N., Dodman, N., Petra, A. I., Taliou, A., Francis, K., Moon-Fanelli, A., … Theoharides, T. C. (2014). Elevated serum neurotensin and CRH levels in children
with autistic spectrum disorders and tail-chasing Bull Terriers with a phenotype similar to autism. Translational Psychiatry, 4, e466.
Van Dam, D., & De Deym, P. P. (2011). Animal models in the drug discovery pipeline for Alzheimer's disease. British Journal of Pharmacology, 164, 1285–1300.
Van de Cruys, S., Van der Hallen, R., & Wagemans, J. (2017). Disentangling signal and noise in autism spectrum disorder. Brain and Cognition, 112, 78–83.
Virányi, Z., Topál, J., Gácsi, M., Miklósi, A., & Csányi, V. (2004). Dogs respond appropriately to cues of humans' attentional focus. Behavioural Processes, 66,
161–172.
von Bertalanffy, L. (1968). General system theory. New York, NY: George Braziller, Inc.
vonHoldt, B. M., Shuldiner, E., Koch, I. J., Kartzinel, R. I., Hogan, A., Brubaker, L., … Udell, M. A. R. (2017). Structural variants in genes associated with human
Williams-Beuren syndrome underlie stereotypical hypersociability in domestic dogs. Science Advances, 3, e1700398.
Vossel, S., Mathys, C., Daunizeau, J., Bauer, M., Driver, J., Friston, K. J., & Stephan, K. E. (2014). Spatial attention, precision, and Bayesian inference: A study of sac-
cadic response speed. Cerebral Cortex, 24, 1436–1450.
10 of 11 TOPÁL ET AL.
Watson, K. K., & Platt, M. L. (2012). Of mice and monkeys: Using non-human primate models to bridge mouse- and human-based investigations of autism spectrum
disorders. Journal of Neurodevelopmental Disorders, 4, 21.
Wetherby, A. M., Prizant, B. M., & Hutchinson, T. A. (1998). Communicative, social/affective and symbolic profiles of young children with autism and pervasive
developmental disorders. American Journal of Speech-Language Pathology, 7, 79–91.
Worsley, H. K., & O'Hara, S. J. (2018). Cross-species referential signalling events in domestic dogs (Canis familiaris). Animal Cognition, 21, 457–465.
Xu, G., Strathearn, L., Liu, B., & Bao, W. (2018). Prevalence of autism spectrum disorder among US children and adolescents, 2014–2016. JAMA, 319(1), 81–82.
Yafai, A. F., Verrier, D., & Reidy, L. (2014). Social conformity and autism spectrum disorder: A child-friendly take on a classic study. Autism, 18, 1007–1013.
Zamzow, R. M., Lit, L., Hamilton, S., & Beversdorf, D. Q. (2017). Characterizing autism-relevant social behavior in poodles (Canis familiaris) via owner report. Jour-
nal of Comparative Psychology, 131, 139–149.
How to cite this article: Topál J, Román V, Turcsán B. The dog (Canis familiaris) as a translational model of autism:
It is high time we move from promise to reality. WIREs Cogn Sci. 2019;10:e1495. https://doi.org/10.1002/wcs.1495
TOPÁL ET AL. 11 of 11
